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All improved building structure (10) 
and method of use comprising separately fab- 
ricated floor, (12) wall (36) and ceiling (97) 
structures capable of withstanding shear and 
seismic forces. The wall structure (36) com- 
prises an elongate track (40) and a plurality 
of posts (42) rigidly attached to a foundation 
structure (30) of the building. Disposed be- 
tween the posts are a plurality of interlocking 
foam wall sections (46) which encapsulate the 
posts (42) of the wall structure (36). Attached 
to the top ends of the posts are upper and 
lower header beams (44, 45) which serve as 
a support structure for the roof (96) and ceil- 
ing structures (97). Brace members (74) are 
attached to the posts (42) and header beam 
(44) to provide the wall structure (36) with 
increased seismic stability. 
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IMPROVED BUILDING STRUCTURE AND METHOD OF USE 

Field of the Invention 

The present application is a continuation-in-part of 
Application Serial No. 07/897,909 filed June 12, 1992 and 
5 entitled IMPROVED BUILDING STRUCTURE AND METHOD OF USE, 
the entire disclosure of which is expressly incorporated 
herein by reference. The present invention relates 
generally to residential and commercial building 
structures and methods of forming the same, and more 
10 particularly to integrated wall, floor and ceiling 
structures formed of dimensionally stable, pre- 
manufactured structural elements which are rapidly 
assembled in a manner resulting in a monolithic building 
structure. 

15 Background of the Invention 

As is well known in the construction industry, 
builders of both residential and commercial building 
structures often face numerous difficulties during the 
construction process when utilizing forest products due 

20 to the lack of dimensional stability inherent with such 
products. In this respect, builders and craftsmen 
typically labor with the wood in an attempt to shape and 
fit the wooden components. However, oftentimes the wood 
members twist, warp, split or crack during and subsequent 

25 to completion of the building project, thus impairing the 
quality and appearance of the building structure. 

In relation to consumer products, modern material 
fabrication and assembly techniques have permitted 
manufacturers to hold close tolerances and have allowed 
- 30 for the development of mass production methods which have 
made it possible for consumers to enjoy a wide variety of 
products at affordable prices. However, such mass 
production methods have not successfully found their way 
into the construction industry on any significant scale. 

35 In this respect, billions of dollars have been spent by 
the construction industry in an attempt to adopt mass 
production methods to produce housing at more affordable 
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prices. However, such efforts have generally fallen 
short due to the previously described dimensional 
instability of the wooden components typically utilized 
in construction, as well as the requirement of utilizing 
5 skilled labor to build the structures. 

In recent years, some advancements have been 
introduced to wood construction through the use of 
reconstituted wood-based products with enhanced strength 
and dimensional' stability. Other advancements in 

10 construction techniques have included the gradual 
conversion to steel, aluminum, plastic and other more 
stable building materials. Additionally, a number of 
attempts have been made to develop building wall 
structures which integrate framing and wall panels to 

15 form a composite wall. Certain ones of these prior art 
wall structures comprise an assembly of wall panels or 
wall bricks having hollow passages which form a series of 
interlocking vertical and horizontal passages in the 
assembly. These passages are filled with concrete*, with 

20 or without rebar, to form structural framing, integral 
with the wall panel or bricks. Other types of prior art 
structures comprise reinforced composite wall panels that 
are interlocked to form a wall structure. A third type 
of prior art structure comprises an assembly of foam 

25 plastic forms that function as permanent concrete forms 
after the concrete has been poured between the forms. 

Though many of the aforementioned prior art building 
materials and systems present improvements over the more 
traditional prior art materials and building systems, 

30 these materials and building systems possess certain 
inherent deficiencies which detract from their overall 
utility. In particular, the aforementioned prior art 
wall structures, although reputed as being easy to 
assemble, often require substantial planning and 

35 piecemeal methods for forming windows and doors. 
Additionally, these prior art wall structures typically 
require a substantial amount of concrete which, though 
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being widely available in some form, is not always of 
sufficient structural, load-bearing capability. 
Additionally, the aforementioned materials and building 
methods are often deficient with regard to critical 
5 factors such as cost, material availability, capital 
requirements for manufacturing and transportation, 
technical skills both in the factory and field, and ease 
of construction. 

In recognition of the deficiencies of the prior art 

10 building materials and building systems, Applicant 
developed the improved building structure as disclosed in 
Application Serial No. 07/897,909. In particular, 
Applicant developed integrated wall, floor and ceiling 
structures that employ no concrete and are fabricated 

15 from a minimum number of dimensionally stable, 
standardized framing elements and standard panels to form 
a resultant monolithic building structure. This building 
structure may be assembled with a minimum number of tools 
and does not require the employment of skilled labor, 

20 such as carpenters, bricklayers and concrete pourers. 

Though the wall, floor and ceiling structures as 
disclosed in Serial No. 07/897,909 present advantages 
over the prior art, such structures themselves possess 
certain deficiencies. Such deficiencies include the lack 

25 of auxiliary bracing in the wall structure for providing 
enhanced structural integrity thereto, and the difficulty 
in forming air plenums in the floor and ceiling 
structures which facilitate air flow in multiple 
directions. Other deficiencies include the cost 

30 associated with the fabrication of the standard panels, 
and the susceptibility of such panels to buckling in 
compression and tension when the wall structure is 
subjected to a shear force. One further deficiency is 
related to the time and difficulty associated in forming 

35 recesses within the standard panels to accommodate 
electrical components such as switch boxes. The present 
invention specifically addresses these and other 
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deficiencies of the prior art building systems, as well 
as the building system disclosed - in Serial No. 
07 /897 ,909 . 

Summary of the Invention. 

5 In accordance with a preferred embodiment of the 

present invention, there is provided an improved building 
system including dimensionally stable wall, floor, roof 
and ceiling structures. In the preferred embodiment, the 
wall structure comprises a wall frame which itself 

10 comprises an elongate track or U-bracfket having a 
generally U-shaped configuration and defining a bottom 
wall adapted to be extended along and attached to a 
building foundation and opposing side walls extending 
upwardly from the bottom wall. The track is preferably 

15 fabricated from sheet metal, with a layer of polymer 
sealing material being placed between the bottom wall of 
the track and the foundation to facilitate a moisture 
tight, thermal barrier. 

The bottom ends of dimensionally stable, pre- 

20 apertured vertical posts or studs are attached to 
brackets which are disposed within the track at 
predetermined locations along the length thereof and 
attached to the foundation. As such, the track is used 
for the alignment and indexing of the brackets and hence 

25 the posts. The bottom ends of the posts are preferably 
positioned directly over the fasteners used to attach the 
track to the foundation so as to enhance the seismic 
stability of the resultant wall structure. In this 
respect, during seismic activity, the weight of the 

30 building is resisted by the interaction of the foundation 
to the wall structure wherein the holding power at the 
lever anus of the posts is maximized. Secured to the top 
ends of the posts is at least one elongate, horizontal 
header beam. In the preferred embodiment, the top end of 

35 each post is attached to the header beam via a pair of 
header brackets, each of which includes a vertical flange 
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portion attached to the top end of the post and a 
horizontal flange portion attached to the header beam. 

Disposed between each pair of adjacent posts is a 
pre-f abricated wall section. In the preferred 

5 embodiment, each of the wall sections comprises first and 
second layers defining outer surfaces and inner surfaces 
having a plurality of diagonally extending slots formed 
therein. Disposed between the first and second layers is 
a third or middle layer which itself defines opposed side 

10 surfaces. The inner surfaces of the first and second 
layers are adhesively secured to respective ones of the 
side surfaces of the middle layer, with channel segments 
being defined between the slots and the side surfaces. 
When the various layers are secured to each other, the 

15 middle layer of the wall section defines a vertical 
tongue extending along a first vertical edge portion 
thereof . Additionally , the first , second and middle 
layers define a generally U-shaped vertical slot which 
extends along a second vertical edge portion of the wall 

20 section. The first, second and middle layers further 
define a pair of parallel grooves extending along a lower 
edge portion of the wall section for receiving the 
opposing side walls of the track, and a horizontal slot 
extending along a horizontal edge portion of the wall 

25 section for receiving at least a portion of the * header 
beam. The first, second and middle layers of each wall 
section are preferably fabricated from polystyrene foam. 
Each wall section may alternatively comprise a unitary 
foam block wherein the channel segments, vertical tongue, 

30 vertical slot, parallel grooves and horizontal slot are 
formed through the utilization of a hot wire. In the 
preferred embodiment, each of the wall sections is 
disposed between a pair of adjacent posts such that the 
vertical tongue abuts one of the posts of the post pair 

35 and the vertical slot receives and encapsulates the other 
post of the post pair and the vertical tongue of an 
adjoining wall section, with the post received into the 
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vertical slot being abutted against the interior surface 
thereof. Advantageously, the encapsulation of the posts 
increases the energy efficiency of the resultant wall 
structure by preventing the posts from acting as heat 
5 sinks. 

Attached to the wall frame are at least two pairs of 
brace members which extend diagonally between the track 
and the header beam, and through at least two adjacent 
wall sections, in a generally X-shaped configuration. In 

10 particular, the brace members of each pair are extended 
diagonally between first and third vertical posts which 
are separated by a second or central vertical post. The 
upper ends of the brace members of each pair are rigidly 
attached to the header beam adjacent the top ends of the 

15 first and third posts, with the lower ends being rigidly 
attached to the first and third posts adjacent the bottom 
ends thereof and the overlapped middle portions being 
rigidly attached to the central vertical post. In 
accordance with a second embodiment of the present 

20 invention, the brace members of each pair comprise upper 
and lower brace segments, each of which define first and 
second ends . When the brace members are configured in 
this manner, the first ends of the upper brace segments 
of each pair are rigidly attached to the header beam 

25 adjacent the top ends of the first and third posts, with 
the first ends of the lower brace segments of each pair 
being rigidly attached to the first and third posts 
adjacent the bottom ends thereof. The second ends of the 
upper and lower brace segments of each pair are pivotally 

30 connected to the central vertical post. The brace 
members constructed in accordance with either embodiment 
are slidably received into elongate channels which extend 
through adjacent wall sections in an X-shaped 
configuration and are defined by the alignment of 

35 respective ones of, the diagonally extending channel 
segments formed within each of the wall sections. The 
wall structure may include a multiplicity of brace member 
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pairs attached to the wall frame in spaced relation. The 
interface between the wall frame, wall sections and brace 
members produces a synergistic effect by utilizing the 
compressive, tensile and shear force properties of the 
5 wall frame and wall sections, thus forming a monolithic 
wall structure. 

In the preferred embodiment, the first and middle 
layers of each of the wall sections include at least one 
electrical component knock-out formed therein, with the 

10 first and second layers each including at,, least one 
center knock-out formed therein for accessing the 
overlapped portions of the brace members of each pair. 
In addition to the center knock-outs, the first and 
second layers each include a lower knock-out for 

15 accessing the lower ends of the brace members or first 
ends of the lower brace segments to facilitate the 
attachment thereof to the first and third posts. When 
the wall section is fabricated from the unitary foam 
block, the various knock-outs are formed therein through 

20 the utilization of a hot knife. The vertical posts and 
the header beam are preferably fabricated from tubular 
steel, with the brace members also preferably being 
fabricated from steel. 

The floor structure of the present invention 

25 preferably comprises a plurality of elongate floor joists 
which are attached to the foundation and extend in 
parallel relation. Each of the floor joists preferably 
comprises elongate upper and lower cords defining opposed 
longitudinal edges and a pair of angled truss members 

30 rigidly attached to and extending between corresponding 
ones of the longitudinal edges in a manner orienting the 
upper and lower cords in spaced, parallel relation. 
Disposed between the upper and lower cords and the truss 
members is an insert member which is preferably 

35 fabricated from polystyrene foam or other suitable, 
substantially rigid insulating materials. Each of the 
truss members includes a plurality of elongate, arcuately 
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contoured extensions formed therein and hook portions 
formed along the edges thereof which are adapted to 
engage and capture the insert member between the truss 
* members in a manner preventing any movement thereof 
5 between the upper and lower beams and the truss members. 
The upper and lower cords, are preferably fabricated from 
wood, metal or other suitable materials, with the truss 
members being fabricated from steel. Disposed between 
each pair of adjacent floor joists is a pre-f abricated, 

10 polystyrene foam floor section. Each k of the floor 
sections includes first and second horizontal edge 
portions which are abutted against and adhesively secured 
to a truss member of each joist of the floor joist pair. 
The monolithic ceiling and roof structures of the 

15 present invention are identically configured and each 
preferably comprise a plurality of elongate roof/ceiling 
trusses which are attached to the header beam and extend 
in parallel relation. The header beam is preferably pre- 
drilled to facilitate the proper alignment of the 

20 roof /ceiling trusses. The ceiling and roof trusses 
preferably are identical to and fabricated in the same 
manner as the floor joists. Disposed between each pair 
of adjacent roof/ceiling trusses is a pre-f abricated, 
polystyrene foam roof/ceiling section which includes 

25 first and second opposed, longitudinally extending edge 
portions. Each roof /ceiling section is disposed between 
a pair of adjacent roof/ceiling trusses in a manner 
wherein the edge portions thereof are abutted against and 
adhesively secured to a truss member of each of the 

30 roof /ceiling trusses of the roof /ceiling truss pair. 

The present invention further comprises a method of 
forming a monolithic wall structure from a wall frame, 
interlocking foam wall sections, and at least one pair of 
brace members. The method comprises the step of 

35 attaching an elongate track or U-bracket to a horizontal 
foundation and subsequently attaching the bottom end of 
a first post to the foundation via a first pre-f abricated 
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registration means disposed at a predetermined location 
within the track. A pre-f abricated wall section is then 
disposed upon the track in a manner wherein a vertical 
slot formed therewithin encapsulates the first post, with 
5 the first post being abutted against the interior surface 
of the vertical slot. The bottom end of a second post is 
then secured to the foundation at a predetermined 
location within the track in a manner wherein the second 
post is abutted against a vertical tongue defined by the 

10 first wall section. Thereafter, a second wall section is 
disposed upon the track in a manner wherein a vertical 
slot formed therewithin receives and encapsulates the 
second post and the vertical tongue of the first wall 
section, with the second post being abutted against the 

15 interior surface of the vertical slot formed w^ithin the 
second wall section. The bottom end of a third post is 
then secured to the foundation at a predetermined 
location within the track in a manner wherein the third 
post is abutted against a vertical tongue defined by the 

20 second wall section. A lower horizontal header beam is 
then secured to the top ends of the posts via a second 
pre-f abricated registration means. Thereafter, a pair of 
elongate brace members are inserted into complimentary 
channels disposed - within the first and second wall 

25 sections which extend between the header beam and the 
track in a generally X-shaped configuration. Finally, 
the brace members are themselves attached to the wall 
frame. 

In the preferred method, the first post is plumbed 
30 with the second and third posts being subsequently 
plumbed due to the dimensional stability of the first and 
second registration means. Sill and jam members may be 
attached to and extended horizontally between pairs of 
adjacent posts for purposes of constructing windows or 
35 doors. In those instances when a window or door is 
constructed, the wall sections of the wall structure must 
be cut to accommodate the same. The method may also 
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include the step of placing a plumbing manifold and 
electrical system into the wall sections without cutting 
through the posts, the header beam and/or the brace 
members . 

5 The present invention further comprises methods of 

forming monolithic floor, roof and ceiling structures. 
The formation of the floor structure comprises the steps 
of attaching an elongate floor joist to the foundation 
and subsequently abutting and rigidly securing a first 

10 horizontal edge portion of a floor section thereagainst . 
A second floor joist is then attached to the foundation 
in a manner wherein the second joist is abutted against 
and rigidly secured to a second horizontal edge portion 
of the floor section. Each of the floor joists is 

15 preferably formed by attaching a pair of truss members to 
corresponding ones of the longitudinal edges of upper and 
lower beams such that the upper and lower beams extend in 
spaced, parallel relation, and subsequently placing an 
insert member between the upper and lower beams and the 

20 truss members. The method of fabricating the floor 
structure further comprises the step of applying a layer 
of finishing material such as plywood over the tops of 
the floor joists. 

The method of forming the ceiling and roof 

25 structures comprises the steps of attaching a 
roof/ceiling truss to the header beam and subsequently 
rigidly securing a first longitudinally extending edge 
portion of a roof /ceiling section thereto. A second 
roof/ceiling truss is then attached to the header beam in 

30 a manner wherein the second truss is abutted against a 
second longitudinally extending edge portion of the 
roof /ceiling section and rigidly secured thereto. The 
ceiling and roof trusses are configured identically to, 
and formed in the same manner as the floor joists. The 

35 method of forming the roof structure may further include 
the step of inserting a solar water heating system into 
air plenums defined between the top surfaces of the roof 
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sections and a layer of sheathing applied to the roof 
trusses. 

It is an object of the present invention to provide 
a wall structure incorporating interchangeable wall 
5 sections and brace members which, in combination, enhance 
the. shear strength of the wall structure and its ability 
to withstand wind force. 

Another object of the present invention is to 
provide wall, floor and roof /ceiling structures which are 
10 adapted to maximize energy efficiency while providing 
optimal living comfort. 

Another object of the present invention is to 
provide a wall structure incorporating vertical posts 
which are encapsulated by wall sections so as to optimize 
15 the insulation qualities of the wall structure. 

Another object of the present invention is to 
provide a floor structure which is adapted to create 
moisture and radon gas barriers, as well as optimal 
insulation. 

20 A further object of the present invention is to 

provide a residential structure incorporating wall, floor 

and roof/ceiling structures which are adapted to maximize 

air tightness so that the living environment can be 

maintained in an energy-efficient manner. 
25 Brief Description of the Drawings 

These, as well as other features of the present 

invention will become more apparent upon reference to the 

drawings wherein: 

Figure 1 is a perspective * view of a residential 
30 dwelling constructed utilizing the building structures of 

the present invention; 

Figure 2 is a perspective view of a floor joist and 

ceiling truss of the present invention including air 

plenums formed therein; 
35 Figure 3 is a cutaway perspective viesw of the floor 

structure of the present invention; 
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Figure 4 is a cross-sectional view taken along line 
4-4 of Figure 2; 

Figure 5 is an exploded view of a wall section 
incorporated into the wall structure .of the present 
5 invention; 

Figure 6 is a perspective view of an assembled wall 
section; 

Figure 7 is an enlargement of the encircled region 
of the wall section shown in Figure 5, illustrating the 
10 channel segments and a center knock-out formed within the 
wall section; 

Figure 8 is an enlargement of the encircled region 
of the wall section shown in Figure 6, illustrating an 
electrical component knock-out formed within the wall 
15 section; 

Figure 9 is. a partial perspective view illustrating 
the wall section with the electrical component knock-out 
removed therefrom and an electrical conduit formed 
therein; Figure 10 is a perspective view of an elongate 
20 brace member constructed in accordance with a first 
embodiment of the present invention; 

Figure 11 is a cutaway perspective view illustrating 
the components comprising the wall structure of the 
present invention; 
25 Figure 12 is a cutaway perspective view of a fully 

assembled wall structure; 

Figure 13 is a cutaway perspective view illustrating 
the engagement of the brace members of the wall structure 
to a central post thereof; 
30 Figure 14 is a cutaway perspective view of a wall 

structure constructed in accordance with a second 
embodiment of the present invention; 

Figure 15 is a perspective view of a brace member 
segment incorporated into the wall structure shown in 
35 Figure 14; 

Figures 16 and 17 are side elevational views 
illustrating the engagement of the brace member segments 
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to a central post of the wall structure shown in Figure 
14; 

Figure 18 is a cross-sectional view illustrating the 
manner in which the brace member and brace member 
5 segments are engaged to a central post of the wall 
structures shown in Figures 12 and 14; 

Figure 19 is a cutaway perspective view of the 
■ceiling structure of the present invention; 

Figure 20 is a perspective view of a solar water 
10 heating system incorporated into the ceiling structure 
shown in Figure 19; 

Figure 21 is a cross-sectional view taken along line 
21-21 of Figure 19; 

Figures 22a and 22b are partial perspective views 
15 illustrating the manner in which a knock-out is formed 
within a unitary wall section constructed in accordance 
with a second embodiment of the present invention; 

Figure 23 is a perspective view illustrating the 
manner in which channel segments are formed in the 
20 unitary wall section constructed in accordance with the 
second embodiment of the present invention; 

Figure 24 is a perspective view of the unitary wall 
section constructed in accordance with the second 
embodiment of the present invention; 
25 Figure 25 is a partial perspective view of a truss 

member used in conjunction with the floor, ceiling and 
roof structures of the present invention; 

Figure 26 is a cross-sectional view taken along line 
26-26 of Figure 11; 
30 Figure 27 is an exploded view illustrating the 

components used to secure the posts of the wall structure 
to the foundation; 

Figure 28 is a partial perspective view illustrating 
the manner in which the wall sections and track of the 
35 wall structure are interfaced to each other; 

Figure 29 is a partial perspective view illustrating 
the manner in which the upper header beam, lower header 
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beam and posts of the wall structure are interfaced to 
each other; 

Figure 30 is a cross-sectional view taken along line 
30-30 of Figure 29; and 
5 Figure 31 is a partial cross-sectional view taken 

along line 31-31 of Figure 24 . 

Detailed Description of the Preferred Embodiments 
Referring now to the drawings wherein the showings 
are for purposes of illustrating preferred embodiments of 

10 the present invention only, and not far purposes of 
limiting the same, Figure 1 illustrates a residential 
structure 10 constructed utilizing the improved wall, 
floor and ceiling structures of the present invention. 
Although the present invention as will hereinafter be 

15 described has specific utility in relation to residential 
structures, it will be recognized that the various 
building structures and methods of fabricating the same 
may additionally be utilized in conjunction with 
commercial building structures. Additionally, though the 

20 wall, floor and ceiling structures of the present 
invention will be described as being utilized to 
fabricate the residential structure 10 having the design 
depicted, it will be recognized that such components are 
of sufficient architectural flexibility so as to be 

25 usable in conjunction with residential or commercial 
structures having a wide variety of different design 
configurations . 

The wall, floor and ceiling structures of the 
present invention are fabricated from dimensionally 

30 stable components which allow the structures, and hence 
the residential structure 10, to be assembled by 
unskilled labor with a minimal amount of difficulty. 
Additionally, each of the components utilized to 
fabricate the wall, floor and ceiling structures are pre- 

35 fabricated off-site using high tolerance mass production 
techniques. The present building structures and building 
techniques are adapted to fabricate the residential 



WO 96/35023 



PCT/US95/05815 



structure 10 from the foundation to the roof by providing 
the necessary wall, floor and ceiling structural 
elements. In the following paragraphs, the wall, floor 
and ceiling structures of the present invention and 
5 methods of fabricating the same will be separately 
described. 
FLOOR STRUCTURE 

Referring now to Figures 2-4 and 25, the monolithic 
floor structure 12 comprises a plurality of floor joists 

10 14 which are attached to the foundation of the 
residential structure 10 so as to extend in spaced, 
parallel relation, as seen in Figure 3. The foundation 
to which the joists 14 are connected comprises a concrete 
foundation which is fabricated in accordance with 

15 conventional foundation construction techniques. The 
attachment of the floor joists 14 to the foundation is 
facilitated in the same manner as described in 
Application Serial No. 07/897,909. 

Each of the floor joists 14 preferably comprises an 

20 elongate upper cord 16 and an elongate lower cord 18, 
each of which define opposed longitudinal edges. Rigidly 
attached to and extending between corresponding ones of 
the longitudinal edges in side-by-side relation are a 
plurality of angled webs or truss members 20 which orient 

25 the upper and lower cords 16, 18 in spaced, parallel 
relation. The upper and lower cords 16, 18 are 
preferably fabricated from wood, metal or other suitable 
materials, with the truss members being fabricated from 
steel. The attachment of the truss members 20 to the 

30 upper and lower cords 16 , 18 is preferably facilitated 
through the utilization of barbs 22 integrally formed on 
the center and opposed end portions of each truss member 
20, though other attachment methods may also be utilized. 
As will be recognized, the truss members 20 including the 

35 barbs 22 formed thereon are used only in relation to 
upper and lower cords 16, 18 which are fabricated from 
wood. In the event the upper and lower cords 16, 18 are 
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fabricated from metal, the truss members 20 used in 
association therewith will be devoid of _the barbs 22, and 
attached to the upper and lower cords 16, 18 via spot 
welds or other suitable fasteners. 
5 Disposed between the upper and lower cords 16, 18 

and truss members 20 is an elongate, rectangularly 
configured insert member 24. The insert member 24, when 
positioned between the upper and lower cords 16, 18 and 
truss members 20, is abutted against the inner surfaces 

10 of the truss members 20 and spaced equidistantly from the 
inner surfaces of the upper and lower cords 16, 18. The 
preferred spacing between the top and bottom surfaces of 
the insert member 24 and inner surfaces of the upper and 
lower cords 16, 18 is three and one-half inches. In the 

15 preferred embodiment, each of the truss members 20 
includes a plurality of elongate, arcuately contoured 
extensions 26 formed within the diagonally extending 
portions thereof. Additionally, preferably formed along 
the edges of each diagonally extending portion are at 

20 least three (3) opposed pairs of fingers or hook portions 
27. The extensions 26 and hooked portions 27 are adapted 
to be extended into and engage the insert member 24 in 
the manner shown in Figure 4 to capture the insert member 
24 between the truss members 20 and prevent any movement 

25 thereof between the upper and lower cords 16, 18 and 
truss members 20. However, the truss members 20 need not 
be provided with the hooked portions 27 since the 
engagement of the extensions 26 to the insert member 24 
is typically sufficient to prevent any movement of the 

30 insert member 24 between the upper and lower cords 16, 18 
and truss members 20. Advantageously, the fabrication of 
the floor joists 14 with the truss members 20 provides 
the same with strength as well as vertical and lateral 
load resistance. Each of the floor joists is preferably 

35 formed by placing the insert member 24 equidistantly 
between the upper and lower cords 16, 18, and thereafter 
attaching the truss members 20 to corresponding ones of 
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the longitudinal edges of the upper and lower cords 16, 
18, thus capturing the insert member 24 therebetween in 
the previously described manner. The insert member 24 is 
preferably fabricated from polystyrene foam or other 
5 suitable, substantially rigid insulating materials. 

Disposed between each pair of adjacent joists 14 is 
a pre-f abricated floor section 28. In the preferred 
embodiment, each floor section 28 incorporated into the 
floor structure 12 is also preferably fabricated from 

10 polystyrene foam and defines opposed first and second 
horizontal edge portions. Each of the floor sections 28 
is disposed between an adjacent pair of floor joists 14 
in a manner wherein the first and second horizontal edge 
portions thereof are abutted against and adhesively 

15 secured to the outer surface of a truss member 20 of each 
of the adjacent floor joists 14. In the preferred 
embodiment, the arcuately contoured extensions 26 serve 
as reservoirs for the adhesive used to secure the first 
and second horizontal edge portions of a floor section 28 

20 to the truss members 20 of an adjacent pair of floor 
joists 14. The adhesive, in addition to being placed 
into the extensions 26, is also spread over the opposed 
side surfaces of the insert members 24 of the floor 
joists 14 which also come into direct contact with the 

25 first and second horizontal edge portions of the floor 
sections 28. Importantly, the angled geometry of the 
truss members 20, and hence the extensions 26 formed 
therein, aids in maintaining each floor section 28 
between an adjacent pair of floor joists 14. In addition 

30 to maintaining each floor section 28 between an adjacent 
pair of floor joists 14, the adhesive forms a seal for 
radon gas between the floor sections 28 and floor joists 
14 in compliance with new Federal standards relating to 
radon gas penetration into residential structures. As 

35 seen in Figure 3, the height of each of the floor 
sections 28 is approximately equal to the height of the 
insert members 24 of the floor joists 14, with the floor 
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sections 28 being positioned between adjacent pairs of 
floor joists 14 such that the top and bottom surfaces . 
thereof are continuous with the top and bottom surfaces 
of the insert members 24 . 
5 In assembling the floor structure 12, a first floor 

joist 14 is attached to the foundation of the residential 
structure 10. A quantity of adhesive material is then 
placed into the extensions 26 of a truss member 20 and 
over the corresponding side surface of the insert member 

10 24. Thereafter, the first horizontal edge portion of a 
first floor section 28 is abutted against the truss 
member 20 of the first floor joist 14 to which the 
adhesive is applied. A second floor joist 14 having a 
quantity of adhesive material disposed in the extensions 

15 26 of a truss member 20 and applied to the corresponding 
side surface of the insert member 24 is then attached to 
the foundation in parallel relation to the first floor 
joist 14, and in a manner wherein the second horizontal 
edge portion of the first floor section 28 is abutted 

20 against the truss member 20 and insert member 24 of the 
second floor joist 14 having the adhesive applied 
thereto, thus capturing and maintaining the first floor 
section 28 between the first and second floor joists 14. 
Additional floor joists 14 and floor sections 28 are 

25 subsequently assembled in an analogous manner throughout 
the floor structure 12. Advantageously, the abutment of 
the first and second horizontal edge portions of each 
floor section 28 against the truss members 20 of an 
adjacent pair of floor joists 14 produces a synergistic 

30 effect by utilizing the compressive, tensile and shear 
force properties of the joists 14 and floor sections 28, 
thus forming a monolithic floor structure 12. After 
the floor joists 14 and floor sections 28 have been 
interfaced to each other in the aforementioned manner, a 

35 layer of finishing material such as a plywood sheet 30 is 
attached to the top surfaces of the upper beams 16. As 
will be recognized, since the insert member 24 is 
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captured and maintained (i.e., suspended) between the 
upper and lower cords 16, 18 and the top surfaces of the 
floor sections 28 are continuous with the top surfaces of 
the insert members 24, the attachment of the plywood 
5 sheet 30 to the top surfaces of the upper beams 16 
facilitates the formation of longitudinally and laterally 
extending spaces 32 between the plywood sheet 30 and the 
top surfaces of the floor sections 28 and insert members 
24. The spaces 32 define longitudinally and laterally 

10 extending pathways or air plenums within the floor 
structure 12. In addition to defining air plenums, the 
spaces 32 may be used to provide dead-space insulation 
which, in conjunction with the polystyrene foam floor 
sections 28 and insert members 24, greatly enhances the 

15 overall thermal efficiency of the floor structure 12. 
Additionally, the spaces 32 may serve as ducting or 
electrical/plumbing service conduits as will be described 
in more detail below. 

Though the floor structure 12 has been described for 

20 use in conjunction with a plywood sheet 30 serving as the 
layer of finishing material, it will be recognized that 
the design of the floor structure 12 may be modified to 
accommodate a concrete slab floor as would be used in a 
commercial building structure. Advantageously, the floor 

25 structure 12 of the present invention is designed so as 
to possess significant seismic stability when seismic 
forces are applied to the residential structure 10. 
Additionally, since the floor structure 12 does not 
incorporate cement or any other hydrophilic material, 

30 continual watering as would occur from automatic 
sprinklers around the base of the residential structure 
10 is not easily absorbed into the floor structure 12 and 
thus not transported to the wood components thereof. As 
such, problems associated with mildew, dry rot, fungus 

35 and ground settling which are typically encountered with 
conventional floor structures are eliminated by the 
design and materials used in conjunction with the floor 



WO 96/35023 



PCT7US95/05815 



structure 12. Thus, the floor structure 12 is 
particularly adapted to be less susceptible to risk of 
damage when seismic forces are applied thereto. Further, 
when the floor structure 12 is assembled in the 
5 aforementioned manner, the foam floor sections 28 and 
insert members 24 of the floor joists 14 create a non- 
violative moisture barrier which prevents mold, bacteria, 
etc. from entering the residential structure 10. The 
previously described floor sections 28 are also used in 

10 conjunction with "on-grade" (i.e., slab) construction 
techniques. In this respect, the first and second 
horizontal edge portions of each floor section 28 are 
abutted against and adhesively secured to a truss member 
20 of each one of an adjacent pair of floor joists 14 in 

15 the manner previously described so as to create a sealing 
effect for providing a moisture and radon gas barrier, as 
well as insulation. 
WALL STRUCTURE 

Referring now to Figures 5-12, the present invention 

20 further comprises a dimensionally stable, monolithic wall 
structure 36 which, like the floor structure 12, is 
specifically adapted to resist shear and to be 
seismically stable. As best seen in Figures 11, 12, 14 
and 27, the wall structure 36 comprises a wall frame 38 

25 which itself is formed from an elongate U-bracket or 
track 40, plural studs or posts 42, lower header beam 
segments 44, an upper header beam 45, and plural wall 
sections 46 which are assembled upon the floor. The 
posts 42, header beam segments 44 and header beam 45 are 

30 preferably fabricated from tubular steel and are pre- 
fabricated off -site. The posts 42, header beam segments 
44 and header beam 45 may alternately be fabricated from 
dimensionally stable LVL material. The track 40 is 
preferably formed from sheet metal having a generally U- 

35 shaped configuration defining a bottom wall 48 and 
opposing side walls 50 which extend upwardly from the 
bottom wall 48. The track 40, and in particular the 
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bottom wall 48 thereof, is adapted to be extended along 
the plywood sheet 30 or other finishing material of the 
floor structure 12 and attached thereto via a plurality 
of fasteners such as self -tapping screws. The fasteners 
5 are extended through the bottom wall 48 via a plurality 
of pre-formed, linearly aligned bottom wall apertures 49 
disposed therein at predetermined locations along the 
length of the track 40. Additionally, a separate polymer 
plate or similar structure is preferably inserted between 

10 the bottom wall 48 and top surface of the plywood sheet 
30 so as to form a moisture-tight, thermal barrier. 

The elongate, vertical posts 42 of the wall 
structure 36 . are preferably formed of pre-determined 
lengths, and include bottom ends which are secured to 

15 generally U-shaped brackets 52 disposed within the track 
40 (i.e., between the side walls 50) at predetermined 
locations along the length thereof. The preferred 
spacing between the brackets 52 and hence the posts 42 is 
twenty-four inches. Each bracket 52 is rigidly attached 

20 to the foundation by the extension of a fastener 53 
through an aperture 52a disposed in the horizontal bottom 
wall portion 52b thereof and into the foundation via an 
aperture 48a disposed in the bottom wall 48 of the track 
40. Advantageously, the side walls 50 of the track 40 

25 include V-shaped indexing notches 51 disposed therein in 
opposed pairs for maintaining a drill in vertical 
registry with the aperture 48a for purposes of drilling 
a hole into the foundation to receive the fastener 53. 
Each fastener 53 preferably includes a rectangularly 

30 configured fastener plate 53a associated therewith which 
is compressed between the bottom wall 48 and the head of 
the fastener 53 when the bracket 52 is attached to the 
foundation thereby. As such, the track 40 is used for 
the alignment and indexing of the brackets 5 2 and the 

35 posts 42. Each of the brackets 52 preferably includes 
pre-formed apertures 52c disposed within one of the 
vertical sidewall portions 52d thereof which are oriented 
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so as to be in registry with corresponding apertures 42a 
pre-formed in the bottom ends of the posts 42. 

The posts 42 are secured to the brackets 52 by 
inserting the bottom ends thereof between the vertical 
5 sidewall portions 52d of the brackets 52 in a manner 
wherein the apertures 42a, 52c disposed in the posts 42 
and brackets 52 are coaxially aligned. Thereafter, 
fasteners such as self-tapping screws are extended 
through the coaxially aligned apertures 42a, 52c, thus 

10 securing the posts 42 to the brackets 52. Since the 
brackets 52, and hence the posts 42, are secured directly 
to the foundation, the seismic stability of the wall 
structure 36 is significantly increased. Though not 
shown, the track 40 may be formed in a manner wherein the 

15 brackets 52 are integral portions thereof. The track 40 
formed in this manner is provided with a plurality of 
pre-formed apertures disposed. within the bottom wall 48 
thereof for allowing fasteners to be extended directly 
into the foundation. 

20 The top ends of selected ones of the fasteners 53 

utilized to secure the brackets 52 to the foundation may 
be disposed directly under the posts 42. Each of the 
posts 42 preferably includes a fastener 53 directly 
underneath the bottom end thereof. As such, to 

25 accommodate the top ends of fasteners 53, the bottom end 
of each of the posts 42 is provided with a recess or 
counterbore disposed therein. Importantly, the fastener 
plate 53a associated with each fastener 53 is sized so as 
to be slightly smaller than and therefore receivable into 

30 the recess or counterbore disposed within the bottom end 
of each of the posts 42. In this respect, the receipt of 
the fastener plate 53a into the bottom end of the post 42 
facilitates the registry of the post 42 between the 
vertical side wall portions 52d of the bracket 52 in a 

35 manner wherein the apertures 42a of the post 42 are 
coaxially aligned with the apertures 52c of the bracket 
52. Advantageously, the placement of the fasteners 53 
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into the foundation directly under the posts 42 also aids 
in increasing the seismic stability of the wall structure 
36. During seismic activity, the weight of the 
residential structure 10 is resisted by the interaction 
5 between the foundation and the wall structure 36 
attributable to the extension of the fasteners 53 
directly into the foundation. In this respect, due to 
the brackets 52, and hence the posts 42, being rigidly 
attached to the foundation, the holding power is 

10 maximized at the lever arms of the posts 42. Though each 
of the posts 42 preferably includes a fastener 53 located 
underneath the bottom end thereof, the fasteners 53 may 
be included only under selected ones of the posts 42. 

Referring now to Figures 29 and 30, in the wall 

15 frame 38, attached to the top ends of the posts 42 are a 
plurality of the horizontally oriented lower header beam 
segments 44 which extend in end-to-end fashion. In the 
preferred embodiment, the attachment of the lower header 
beam segments 44 to the top ends of the posts 42 is 

20 facilitated by a plurality of header brackets 54. In 
this respect, each lower header beam segment 44 is 
extended between an adjacent pair of the posts 42, and 
attached to one of the two header brackets 54 attached to 
the top end of each of the posts of the adjacent pair 42. 

25 Each of the header brackets 54 has a generally L-shaped 
configuration and includes a vertical flange portion 54a 
having pre-formed vertical flange apertures disposed 
therein which are oriented so as to be in registry with 
pre-formed apertures disposed adjacent the top ends of 

30 the posts 42. As previously indicated, a pair of header 
brackets 54 is preferably attached to the top end of each 
post 42 by abutting the vertical flange portions 54a 
thereof against the top end such that the vertical flange 
apertures disposed in the vertical flange portions 54a 

35 are coaxially aligned with the apertures disposed 
adjacent the top end of the post 42. Thereafter, 
fasteners such as self-tapping screws 55 are extended 



WO 96/35023 



PCT/US95/05815 



through the coaxially aligned apertures, thus securing 
the header brackets 54 to the post 42.- 

In addition to the vertical flange portion 54a, each 
of the header brackets 54 includes a horizontal flange 
5 portion 54b having horizontal flange apertures disposed 
therein which are oriented so as to be in registry with 
. corresponding pre-formed apertures 44a disposed within 
the top and bottom surfaces of the lower header beam 
segments 44 in coaxially aligned pairs. When a pair of 

10 header brackets 54 is attached to the top' end of a post 
42, the horizontal flange portions 54b thereof and the 
uppermost end of the post 42 define a generally planar 
surface against which portions of the bottom surfaces of 
a pair of the lower header beam segments 44 are rested. 

15 As best seen in Figure 30, the apertures 44a disposed 
within the bottom surfaces of the lower header beam 
segments 44 are sized identically to the horizontal 
flange apertures. However, the apertures 44a disposed 
within the top surfaces of the lower header beam segments 

20 44 are significantly larger in diameter than those 
disposed in the bottom surfaces thereof. To avoid any 
buckli-q or collapse of the metal lower header beam 
segmer • 44 when the same are attached to the header 
brackets 54, the fasteners 57 used to facilitate such 

25 attachment are preferably extended only through the 
apertures 44a disposed within the bottom surfaces and the 
horizontal flange apertures which are coaxially aligned 
therewith. In this respect, subsequent to the 

positioning of the lower header beam segments 44 upon the 

30 horizontal flange portions 54b of the header brackets 54, 
the fasteners 57 (which are typically self-tapping 
screws) are extended through the apertures 44a disposed 
within the bottom surfaces and the horizontal flange 
apertures. Advantageously, the formation of the 

35 apertures 44a within the top surfaces with larger 
diameters allows a tool head 300 to be inserted into the 
hollow interior of the lower header beam segments 44 to 
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facilitate the tightening of the fasteners 57, thus 
securing the lower header beam segments 44 to the header 
brackets 54. The header brackets 54 are preferably 
fabricated from metal/ though other materials may be 
5 utilized as an alternative. 

Subsequent to the attachment of the lower header 
beam segments 44 to the header brackets 54 in the 
aforementioned manner, rigidly attached to the top 
surfaces of the lower header beam segments 44 is an upper 

10 header beam 45. In the preferred embodiment, the upper 
header beam 45 includes pre-formed apertures 45a disposed 
in the top and bottom surfaces thereof in coaxially 
aligned pairs. The apertures 45a disposed within the top 
surface of the upper header beam 45 are sized identically 

15 to the apertures 44a disposed within the top surfaces of 
the lower header beam segments 44, with the apertures 45a 
disposed within the bottom surfaces of the upper header 
beam 45 being sized identically to the apertures 44a 
disposed within the bottom surfaces of the lower header 

20 beam segments 44. To avoid any buckling or collapse of 
the metal upper header beam 45 when the same is rigidly 
attached to the lower header beam segments 44, the 
fasteners 5 9 used to facilitate such attachment are 
preferably extended only through the apertures 45a 

25 disposed within the bottom surface of the upper header 
beam 45 and corresponding, equally sized apertures pre- 
formed in the top surfaces of the lower header beam 
segments 44 in coaxial alignment therewith. In this 
respect, subsequent to the positioning of the upper 

30 header beam 45 upon the top surfaces of the linearly 
extending lower header beam segments 44, the fasteners 5 9 
are extended through the apertures 45a disposed within 
the bottom surfaces of the upper header beam 45 and the 
corresponding apertures disposed in the top surfaces of 

35 the lower header beam segments 44, with the fasteners 59 
being tightened by the tool 300 which is insertable into 
the hollow interior of the upper header beam 45 via the 
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larger diameter apertures 45a disposed within the top 
surface thereof. 

In addition to the apertures 45a, the upper header 
beam 45 includes apertures 45b pre-formed therein. The 
5 apertures 45b are disposed in the top and bottom surfaces 
of the upper header beam 45 in coaxially aligned pairs 
which are oriented so as to be in registry with 
respective pairs of the coaxially aligned apertures 44a 
disposed within the top and bottom surfaces of the lower 

10 header beam segments 44, The diameters of > the apertures 
45b are preferably equal to the diameters of the 
apertures 44a disposed within the top surfaces of the 
lower header beam segments 44, thus creating a uniform 
passage directly to the apertures 44a disposed within the 

15 bottom surfaces of the lower header beam segments 44 and 
corresponding horizontal flange apertures. The passage 
formed by the aligned apertures 45b, 44a allows the tool 
300 to be extended to the fasteners 57 used to rigidly 
attach the lower header beam segments 44 to the header 

20 brackets 54. Importantly, the inclusion of the apertures 
45b in the upper header beam 45 allows the attachment of 
the lower header beam segments 44 to the header brackets 
54 to be accomplished subsequent to the attachment of the 
upper header beam 45 to the lower header beam segments 44 

25 in the aforementioned manner. However, as will be 
recognized, the attachment of the upper header beam 45 to 
the lower header beam segments 44 may still occur after 
the attachment of the lower header beam segments 44 to 
the header brackets 54. 

30 Disposed between each pair of adjacent posts 42 is 

a pre-f abricated wall section 46. Referring now to 
Figures 5-7, each of the wall sections 46 is pre- 
fabricated off-site and comprises a first layer 56 and a 
second layer 58, each of which defines an outer surface 

35 and an inner surface having a plurality of diagonally 
extending slots 60 formed therein. Disposed between the 
first and second layers 56, 58 is a third or middle layer 
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62 defining a pair of opposed, generally planar side 
surfaces 64. In the preferred embodiment, the inner 
surfaces of the first and second layers 56, 58 are 
adhesively secured to respective ones of the side 
5 surfaces 64 of the middle layer 62 in the manner shown in 
Figure 6. Due to the inclusion of the slots 60 in the 
inner surfaces of the first and second layers 56, 58, the 
attachment thereof to the middle layer 62 facilitates the 
formation of two sets of elongate, diagonally extending 

10 channel segments, with each set of channel segments being 
defined between the slots 60 in the inner surface of the 
first layer 56 or second layer 58 and a respective one of 
the side surfaces 64 of the middle layer 62. The use of 
the channel segments will be discussed in more detail 

15 below. In the preferred embodiment, the first, second 
and middle layers 56, 58, 62 are each rectangularly 
configured and fabricated from three inch thick 
polystyrene foam. As such, the wall section 46 formed by 
the attachment of the first and second layers 56, 58 to 

20 the middle layer' 62 is likewise rectangularly configured 
with an overall thickness of approximately nine inches. 
The middle layer 62 is always fabricated with a three- 
inch thickness to match the width of the posts 42. The 
first and second layers 56, 58 are each fabricated with 

25 at least a one and one-half inch thickness, but may be 
made thicker depending on the desired R-value. 

In the preferred embodiment, the first, second and 
middle layers 56, 58, 62 are attached to each other in a 
manner defining a vertical tongue 66 extending along a 

30 first vertical edge portion of the wall section 46 and a 
generally U-shaped vertical slot 68 extending along a 
second vertical edge portion of the wall section 46. Due 
to the manner in which the middle layer 62 is positioned 
between the first and second layers 56, 58, the vertical 

35 tongue 66 is defined by one of the two vertical edges of 
the middle layer 62, with the vertical slot 68 being 
defined by the other vertical edge of the middle layer 62 
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and portions of the inner surfaces of the first and 
second layers 56, 58. In addition to the vertical slot 
68, the first, second and middle layers 56, 58, 62 define 
a horizontal slot 70 extending along a horizontal upper 
5 edge portion of the wall section 46. Similar to the 
vertical slot 68, the horizontal slot 70 is defined by 
the top edge of the middle layer 62 and portions of the 
inner surfaces of the first and second layers 56, 58. As 
seen in Figure 28, the first, second and middle layers 
10 56, 58, 62 further define a pair of parallel grooves 71 
extending along a lower horizontal edge portion of the 
wall section 46 for receiving the opposing side walls 50 
of the track 40. The horizontal slot 70 is sized to 
receive the lower header beam 44 in the manner shown in 
15 Figures 11, 12 and 14. In the wall structure 36, each 
wall section 46 is disposed between a pair of adjacent 
posts 42 such that the vertical tongue 66 abuts one of 
the posts 42 of the post pair and the vertical slot 68 
receives and encapsulates the other post 42 of the post 
20 pair and the vertical tongue 66 of an adjoining wall 
section 46. As will hereinafter be discussed, each wall 
section 46 may alternatively be fabricated from a unitary 
foam section. 

To assemble the wall structure 36, the entire track 
25 40 is initially laid out upon the floor of the 
residential structure 10 to insure proper location. 
Thereafter, track fasteners are extended through 
respective apertures disposed within the bottom wall 48 
to secure the track 40 to the floor. After the track 44 
30 has been attached to the underlying support structure in 
the desired configuration for the residential structure 
10, the brackets 52 are disposed within the track at 
desired locations therealong and attached to the 
foundation in the aforementioned manner. The bottom end 
35 of a first post 42 is then attached to a bracket 52 in 
the aforementioned manner. After a first post 42 has 
been attached to a bracket 52, a first wall section 46 is 
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lowered upon the track 44 such that the opposing side 
walls 50 of the track 44 are received into the parallel 
grooves 71 formed in the lower horizontal edge portion of 
the wall section 46. Importantly, the wall section 46 is 
5 oriented such that the vertical slot 68 faces the first 
attached post 42. Thereafter, the wall section 46 is 
slid toward the first post 42 such that the post 42 is 
received into the vertical slot 68 and firmly abutted 
against the innermost surface thereof, i.e., a vertical 

10 edge of the middle layer 62. When the post 42 is 
received into the vertical slot 68, the horizontal flange 
portion of one of the header brackets of the pair already 
secured to the top end of the first post 42 will be 
received into the horizontal slot 70 and abutted against 

15 the lowermost surface thereof, i.e., the top edge of the 
middle layer 62. After the first post 42 has been 
received into the vertical slot 68, the bottom end of a 
second post 42 is attached to a bracket 52 in a manner 
wherein the second post 42 is firmly abutted against the 

20 outermost surface of the vertical tongue 66, i.e., the 
vertical edge of the middle layer 62 opposite that 
defining the innermost surface of the vertical slot 68. 
The bracket 52 to which the bottom end of the second post 
42 is attached is specifically oriented such that the 

25 second post 42 will abut the vertical tongue 66 in the 
aforementioned manner when attached thereto. After the 
second post 42 is attached to the bracket 52, the first 
wall section 46 will be firmly disposed, i.e., 
compressed, between the pair of adjacent posts 42. 

30 A second wall section 46 is then placed upon the 

track 40 in the same manner previously described and 
oriented such that the vertical slot 68 thereof faces the 
vertical tongue 66 of the first installed wall section 46 
and second installed post 42. The second wall section 46 

35 is then slid toward the first wall section 46 to a 
position whereat both the second post 42 and vertical 
tongue 66 of the first wall section 46 are received into 
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the vertical slot 68 of the second wall section 46. As 
such, the second post 42 is encapsulated by the first and 
second wall sections 46. Thereafter, the bottom end of 
a third post 42 is attached to a bracket 52 so as to abut 
5 the vertical tongue 66 of the second installed wall 
section 46 in the same manner previously described. As 
will be recognized, third and subsequent wall sections 46 
used to form the wall structure 36 are added in the 
aforementioned manner. After the desired number of wall 
10 sections 46 have been assembled into the wall structure 
36, the lower header beam segments 44, with or without 
the upper header beam 45 attached thereto, are placed 
into the linearly aligned horizontal slots 70 of the wall 
sections 46 and secured to the horizontal flange portions 
15 of the header brackets 54 in the aforementioned manner. 
The width and thickness dimensions of the lower header 
beam segment s< 44 are substantially identical to the width 
and depth dimensions of the horizontal slots 70. In the 
event the upper header beam 45 has not been previously 
20 attached to the lower header beam segments 44, subsequent 
to the placement of the lower header beam segments 44 
into the aligned slots 70 and attachment thereof to the 
header brackets 54, the upper header beam 45 is extended 
along and rigidly attached to the lower header beam 
25 segments 44. Advantageously, the encapsulation of the 
posts 42 by adjacent wall sections 46 increases the 
energy efficiency of the wall structure 36 by preventing 
the metal posts 42 from acting as heat sinks. In this 
respect, in conventional building structures, the metal 
30 posts disposed within the walls act as thermal fins or 
radiators which conduct heat from within the structure to 
the outside. This particular deficiency is eliminated by 
the encapsulation of the metal posts 42 by the adjacent 
wall sections 46. 
35 Referring now to Figures 10-13, the engagement of 

the wall sections 46 to the posts 42, track 40, header 
beam segments 44 and header beam 45 facilitates the 
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formation of opposed pairs of elongate channels 72 which 
extend diagonally through adjacent wall sections 46 
between the track 40 and header beam segments 44, The 
channels 72 are formed by the placement of the channel 
5 segments defined within each wall section 46 into end-to- 
end alignment with corresponding ones of the channel 
segments defined within the adjacent wall sections 46-, 
i.e., those wall sections interfaced to the first and 
second vertical edge portions of a central wall section. 

10 As will be recognized, to facilitate the formation of the 
channels 72, the slots 60 and thus the channel segments 
* defined within each wall section 46 are specifically 
oriented so as to be brought into linear alignment with 
corresponding channel segments of an adjacent wall 

15 section 46 when * the wall sections 46 are positioned 
within the wall frame 38 in the aforementioned manner. 
As best seen in Figure 11, the channels 72 are typically 
formed by the alignment of certain ones of the channel 
segments of three (3) adjacent (i.e., consecutive) wall 

20 sections 46. In this respect, the channel segments are 
oriented in a manner wherein any three (3) successive 
wall sections 46 within the wall structure 36 define two 
pairs of channels 72, with each pair extending diagonally 
from the lower header beam segments 44 to the track 40 in 

25 a generally X-shaped configuration. One pair of the X- 
shaped channels 72 is defined between the first and the 
middle layers 56, 62 of the wall sections 46, with the 
other set of channels 72 being defined between the second 
and middle layers 58, 62 of the wall sections 46 in 

30 opposed relation to the first pair. Advantageously, due 
to the configuration of the two sets of channel segments 
defined within each wall section 46, any one wall section 
46 within the wall structure 36 may be interchanged 
without disrupting the resultant formation of the opposed 

35 pairs of diagonally extending channels 72. 

In the preferred embodiment, slidably inserted into 
each of the two opposed pairs of channels 72 defined 
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within three successive wall sections 46 is a pair of 
elongate brace members 74 which are preferably fabricated 
from steel. When inserted into the channels 72 of each 
pair, the brace members 74 themselves assume a generally 
5 X-shaped configuration, with the middle portions thereof 
being overlapped. The depth of the slots 60 within the 
inner surfaces of the first and second layers 56, 58, and 
thus the width of each of the channels 72, is sized to 
accommodate at least four (4) different thicknesses of 

10 each brace member 74. When inserted into each pair of 
channels 72, the brace members 74, in addition to 
extending diagonally between the track 40 and lower 
header beam segments 44, extend diagonally between first 
and third posts 42 which are separated by a second or 

15 central post 42. The attachment of the brace members 74 
of each pair to the wall frame 38 is preferably 
facilitated by rigidly attaching the upper ends to 
opposite sides of the lower header beam segments 44 
adjacent the top ends of the first and third posts 42, 

20 and rigidly attaching the lower ends to opposite sides of 
the first and third posts 42 adjacent the bottom ends 
thereof. Additionally, the overlapped middle portions of 
the brace members 74 are rigidly attached to opposite 
sides of the central post 42. 

25 Referring now to Figures 13 and 18, to facilitate 

the attachment of the overlapped middle portions of each 
pair of brace members 74 to the central post 42, extended 
longitudinally through the central post 42 is an elongate 
pin member 76, the opposed, rounded ends of which 

30 protrude outwardly from opposite sides of the central 
post 42. Extending laterally through the pin member 76 
adjacent the rounded ends thereof is a pair of apertures 
77. In the preferred embodiment, the middle portion of 
each brace member 74 includes an aperture disposed 

35 therein which is sized and configured to accommodate the 
pin member 76. As best seen in Figure 18, the apertures 
disposed within the brace members 74 are adapted to be 
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coaxially aligned when the middle portions are 
overlapped, thus allowing the overlapped middle portions 
of the brace members 74 of each pair to be extended over 
a respective end of the pin member 76. After a washer 75 
5 is positioned over each end of the pin member 76 
fasteners such as cotter pins 79 are extended through 
each of the apertures 77, thus maintaining the brace 
members 74 of each pair in rigid attachment to the 
opposite sides of the central post 42. As will be 
10 recognized, the distance separating each aperture 77 from 
a corresponding side of the central post 42 when the pin 
member 76 is extended therethrough is approximately equal 
to the total thickness of the overlapped brace members 74 
of each pair. 

15 To facilitate the extension of the overlapped middle 

portions of the brace members 74 over the ends of the pin 
member 76 and the insertion of the cotter pins 79 into 
the apertures 77, the first and second layers 56, 58 of 
each wall section 46 are preferably provided with pre- 

20 formed, diamond-shaped center knock-outs 81 for accessing 
the overlapped middle portions. As will be recognized, 
since a pair of brace members 74 are extended into each 
of the two opposed pairs of channels 72 defined between 
the first, second and middle layers 56, 58, 62, the 

25 center knock-outs 81 formed in the first and second 
layers 56, 58 of a selected wall section 46 will be 
removed to permit access to the overlapped middle 
portions. 

In addition to the center knock-outs 81, the first 
30 and second layers 56, 58 of each wall section 46 are 
preferably provided with a pre-formed, diamond-shaped 
lower knock-out 83 for accessing the lower ends of the 
brace members 74 of each pair. Since the lower ends of 
each pair of brace members 74 are rigidly attached to 
35 opposite sides of the first and third posts 42 adjacent 
the bottom ends thereof, the lower knock-outs -83 formed 
in the first and second layers 56, 58 of the wall 



WO 96/35023 



PCTAJS95/0S815 



sections 46 will be removed to permit access to the lower 
ends . 

In the preferred embodiment, the brace members 74 
are inserted into both pairs of channels 72 defined 
5 within three successive wall sections 46, and 
subsequently attached to the wall frame 38 in the 
aforementioned manner. The brace members 74 are always 
inserted into both pairs of channels 72 to prevent any 
uneven deflection of the wall structure 36 when placed 

10 under extreme lateral loads. Typically, the opposed 
pairs of brace members 74 are attached to the wall frame 
38 only at the corners of the residential structure 10. 
However, the wall structure 36 may include one or a 
multiplicity of opposed brace member pairs attached to 

15 the wall frame 38 in end-to-end fashion or spaced 
relation, with the number of brace member pairs being 
selected based on the desired degree of rigidity and 
structural integrity to be imparted to the wall structure 
36. 

20 As will be recognized from the aforementioned 

construction process, when the wall structure 36 is 
erected, the foam wall sections 46 are entrapped by the 
posts 42, track 40, header beam segments 44, and brace 
members 74, thus becoming an integral part of the wall 

25 structure 36. Advantageously, the outer surfaces of the 
wall sections 46, and more particularly the first and 
second Tayers 56, 58 thereof provide uniform surfaces to 
which may be applied final wall finishes. Importantly, 
the extension of the foam wall sections 46 outward from 

30 both sides of the post 42, the interlock of the wall 
sections 46 facilitated by the overlap of the vertical 
tongues 66 and vertical slot 68, and the extension of the 
brace members 74 through the channel 72 and attachment 
thereof to the wall frame 38, provides the wall sections 

35 46 with compressive strength to resist shear and with 
substantial wind load resistance. In this respect, by 
entrapping the foam wall sections 46 between the track 
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40, posts 42 and header beam 44, and attaching the brace 
members 74 to the wall frame 38, the shear strength 
capability and seismic resistance of the wall sections 46 
and resultant wall structure 36 is maximized due to the 
5 physical interaction of the components* The 
incorporation of the brace members 74 into the wall 
structure 3 6 provides the wall structure 36 with the 
required shear strength value called for by most building 
codes, even without other materials such as plywood being 

10 clad to the inner or outer surfaces of the wall sections 
46. Additionally, the aforementioned manner of 

construction eliminates slop and prevents moisture 
deterioration. Due to the foam core of the wall 
structure 36 imparted by the utilization of the wall 

15 sections 46, the thermal, acoustical and insulation 
qualities of the wall structure 36 are maximized and 
provide the necessary moisture barrier, resulting in a 
rigid, flat, smooth, square and plumb structure. 

Referring now to Figures 6, 8, 9 and 26, the first 

20 and middle layers 56, 62 of each wall section 46 may 
include a pair of electrical component knock-outs 76 
formed therein. In the preferred embodiment, one of the 
knock-outs 76 is formed intermediate the upper and lower 
edges of the wall section 46, with the other knock-outs 

25 76 being formed in closer proximity to the lower edge of 
the wall section 46. In addition to the knock-outs 76, 
the second and middle layers 58, 62 of each wall section 
46 may themselves include a pair of electrical component 
knock-out 76a formed therein in the same relative 

30 orientations as the knock-outs 76. The removal of the 
knock-outs 76 from within the first and middle layers 56, 
62 facilitates the formation of recesses 78 within the 
wall section 46 which are sized to accommodate components 
such as electrical switches and electrical outlet boxes. 

35 As will be recognized, the recesses 78 are formed within 
both the first and middle layers 56, 62 to provide the 
depth needed to fully receive the aforementioned 
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electrical components. Similarly, the removal of the 
knock-outs 76a from within the second and middle layers 
58, 62 likewise facilitates the formation of the recesses 
78 within the wall section 46. Electrical conduits 80 
5 may also be formed in the first or second layers 56, 58 
of the wall section 46 via the utilization of a tool such 
as a hot knife, though other forming methods may also be 
utilized. The formation of the electrical conduits 80 
through the use of the hot knife occurs in the field 

10 subsequent to the assembly of the wall structure 36. 
Through the use of the hot knife, other recesses and 
conduits 80 may be formed in the wall sections 46 for 
facilitating the emplacement of a plumbing manifold into 
the wall structure 36. Advantageously, the foam overlay 

15 of the wall sections 46 facilitated by the vertical slots 
68 allows for the emplacement of the plumbing and 
electrical systems into the wall sections 46 only and 
eliminates the need to cut through the posts 42 and/or 
lower header beam 44. 

20 Referring now to Figures 14-17, in accordance with 

a second embodiment of the present invention, the wall 
structure 36 may be fabricated through the utilization of 
brace members 74a, each of which comprise identically 
configured upper and lower brace segments 82, 84. As 

25 seen in Figure 15, the upper and lower brace segments 82, 
84 each define opposed ends with a pre-formed aperture 86 
being disposed adjacent one end and an elongate slot 88 
being disposed adjacent the opposite end. In the 
preferred embodiment, a first pair of brace members 74a 

30 (with each brace member 74a comprising upper and lower 
brace segments 82, 84) is slidably inserted into one of 
the two sets of channels 72 defined within three 
successive wall sections 46 with a second pair of brace 
members 74b being slidably inserted into the other set of 

35 channels 72. The attachment of the brace members 74a, 
74b to the wall frame 38 is facilitated by the rigid 
attachment of the upper ends of the upper brace segments 
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82 of each pair to opposite sides of the lower header 
beam segments 44 adjacent the top ends of the first and 
third posts 42* Such attachment is facilitated by the 
extension of fasteners such as screws through the 
5 apertures 86 of the upper brace segments 8 2 and into the 
lower header beam segments 44. Similarly, the lower ends 
of the lower brace segments 84 of each. pair are rigidly 
attached to opposite sides of the first and third posts 
42 adjacent the bottom ends thereof via the extension of 

10 screws through the apertures 86 thereof and into the 
posts 42. As will be recognized, selected ones of the 
lower knock-outs 83 disposed within the wall sections 46 
are removed to facilitate the attachment of the lower 
ends of the lower brace segments 84 of each pair to 

15 opposite sides of the first and third posts 42. 
Importantly, the upper and lower brace segments 82, 84 of 
the brace members 74a, 74b are sized such that when 
attached to the posts 42 and header beam segments 44 in 
the aforementioned manner, the slots 88 of the upper and 

20 lower brace segments 82, 84 will at least partially 
overlap each other at the central post 42. 

Similar to the attachment of the brace members 74 to 
the central post 42, the overlapped portions of the slots 
88 of the brace members 74a, 74b are extended over the 

25 opposed ends of the pin member 76, with the washers 75 
being positioned over the ends of the pin member 76 and 
the cotter pins 79 subsequently being inserted into the 
apertures 77. The extension of the pin member 76 through 
the slots 88 and subsequent insertion of the cotter pins 

30 79 into the apertures 77 facilitates the pivotal 
connection of the upper and lower brace segments 82, 84 
of each brace member 74a, 74b to each other and to the 
central post 42. As will be recognized, the overlapped 
portions of the slots 88 and pin, member 76 are accessed 

35 by removing the opposed center knock-outs 81 from the 
first and second layers 56, 58 of the wall section 46, 
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In the second embodiment, the extension of the brace 
members 74a, 74b over the pin member 76 .preferably occurs 
prior to the attachment of the upper ends of the upper 
brace segments 8 2 to the header beam segments 44 and the 
5 attachment of the lower ends of the lower brace segments 
84 to the first and third posts 42. Subsequent to the 
extension of the pin member 76 through the overlapped 
slots 88 of the brace members 74a, 74b, the upper brace 
segments 82 of each pair are pulled upwardly prior to 

10 being attached to the header beam segments 44 such that 
the pin member 7 6 is abutted against the arcuate end of 
each slot 88 which is disposed closest to the lower ends 
of the upper brace segments 82. Similarly, the lower 
brace segments 84 of each pair are pulled downwardly 

15 prior to being attached to the first and third posts 42 
such that the pin member 76 is abutted against the 
arcuate end of each slot 88 which is disposed closest to 
the upper ends of the lower brace segments 84. As best 
seen in Figures 16 and 17, the ends of each slot 88 which 

20 are disposed closest to the lower ends of the upper brace 
segments 82 and the upper ends of the lower brace 
segments 84 have an enlarged or flared configuration. In 
particular, the diameters of the flared endstof the slots 
88 exceed the diameters of the opposed, non-flared ends 

25 thereof by approximately one-fourth of an inch. 

Advantageously, the engagement of the upper and 
lower brace segments 82, 84 to the pin member 76 in the 
aforementioned manner allows the upper and lower brace 
segments 82, 84 of each brace member 74a, 74b to move 

30 toward each other in the manner shown by the arrows in 
Figure 17. Such movement prevents either of the brace 
members 74a, 74b of each of the two pairs from buckling 
when a shear force is applied to the wall structure 36, 
i.e., the header beam segments 44, the header beam 45 and 

35 track 40 move longitudinally in opposite directions. 
Additionally, when the upper and lower brace segments 82, 
84 move toward each other in the manner shown, they will 
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also rotate slightly about the pin member 76. 
Importantly, the formation of the slots 88 with the 
enlarged ends eliminates any binding of the upper and 
lower brace segments 82, 84 upon the pin member 76 when 
5 such rotation occurs. As will be recognized, the brace 
members 74 constructed in accordance with the first 
embodiment are more susceptible to such buckling when _a 
shear force is applied to the wall structure 36 due to 
the overlapped portions thereof being rigidly attached to 

10 the central post 42. Such buckling of the brace members 
74 may cause the disengagement of either the first or 
second layers 56, 58 from the middle layer 62 and 
resultant damage to the wall structure 36. As such, the 
incorporation of the brace members 74a, 74b into the wall 

15 structure 36 increases the ability of the wall structure 
36 to withstand seismic activity without damage. 
Typically, when the upper and lower brace segments 82, 84 
of a brace member 74a, 74b move toward each other in the 
manner shown, the upper and lower brace segments 82, 84 

20 of the other brace member 74a, 74b of each pair will 
remain in abutted engagement to the pin member 76. 

Referring now to Figure 1, windows may be formed in 
the wall structure 36 via the utilization of a sill 
member 92 and a jam member 94, each of which are 

25 interfaced to the posts 42 via pairs of window brackets. 
The sill and jam members 92, 94 are horizontally oriented 
between and secured to a pair of posts 42. The window 
may be constructed having a multitude of different 
heights and, by cutting our central portions of one or 

30 more interior posts 42, may be constructed having any 
number of desired widths. As such, when a window is 
formed within a wall structure 36, one or more wall 
sections 46 must also be cut to accommodate the window. 
Similar methods are utilized to form doors within the 

3 5 wall structure. 

Referring now to Figures 23 and 24, the wall 
structure 36 constructed in accordance with either the 
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f irst or second embodiments may incorporate plural wall 
sections 200 as an alternative to the previously 
described wall sections 46. Each wall section 200 
comprises a rectangularly configured, unitary block which 
5 is preferably fabricated from polystyrene foam. Like the 
wall sections 46, each wall section 200 defines .a 
vertical tongue 202 extending along a first vertical edge 
portion thereof, and a generally U-shaped vertical slot 
204 extending along a second vertical edge portion 

10 thereof. In addition to the vertical tongue 202 and 
vertical slot 204, the wall section 200 defines a 
horizontal slot 206 extending along a horizontal upper 
edge portion thereof which is sized to receive the lower 
header beam 44, and a pair of parallel grooves 207 

15 extending along a lower horizontal edge portion thereof 
for receiving the opposed side walls 50 of the track 40. 

The wall section 200 further defines two sets of 
elongate, diagonally extending channel segments 208 which 
are sized and configured identically to the two sets of 

20 channel segments defined within each wall section 46 . 
However, as seen in Figure 23, since the wall section 200 
comprises a unitary block rather than three (3) 
independent layers which are adhesively secured to each 
other, the channel segments 208 of each set are formed 

25 within the wall section 200 via the utilization of a hot 
knife tool 210. In particular, one set of the channel 
segments 208 is formed by inserting the cutting portion 
of the hot knife tool 210 into the inner surface 212 of 
the wall section 200 to a depth of approximately 2 inches 

30 (which is approximately one-third of the total thickness 
of the wall section 200). Thereafter, the hot knife tool 
210 is moved in the manner illustrated by the arrows 
shown in Figure 23 so as to form a single, diagonally 
extending channel segment 80 of the set . The channel 

35 segment 80 is formed by the removal of an elongate foam 
slug from within the wall section 200 which is created by 
the cutting procedure. Importantly, due to the manner in 
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which the hot knife tool 210 is moved during the 
formation of the channel segment 80, only a single . 
incision having a width of approximately 0.004 to 0.005 
inches is formed within the inner surface 212. 
5 Additional channel segments 208 of the first set are 
formed in a like manner, with the other set of channel 
segments 80 being formed by the selective insertion of 
the hot knife tool 210 into the outer surface of the wall 
section 200 in the same manner previously described. In 

10 addition to being utilized to form each set of channel 
segments 208, the hot knife tool 210 is also used to cut 
the unitary foam block in a manner defining the vertical 
tongue 202, vertical slot 204, horizontal slot 206 and 
parallel slots. Advantageously, due to the fabrication 

15 of the wall section 200 from the unitary foam block and 
subsequent formation of the channel segments 208 
therewithin via the utilization of the hot knife tool 
210, the wall structure 36 incorporating the wall 
sections 200 is less susceptible to seismic damage. In 

20 this respect, though the buckling of the brace members 74 
or 74a, 74b may cause the disengagement of either the 
first or second layers 56, 58 of the wall section 42 from 
the middle layer 62 thereof, such buckling would not 
cause any damage to the wall section 200 due to its 

25 unitary construction. 

Referring now to Figures 22a and 22b, each wall 
section 200 may also include one or more electrical 
component knock-outs 214 formed therewithin. Each knock- 
out 214 is preferably formed through the utilization of 

30 a hot knife tool 216. As seen in Figure 22a, the hot 
knife tool 216 is inserted into the inner surface 212 of 
the wall section 200 to a depth of approximately 4" 
(which is approximately two-thirds of the total thickness 
of the wall section 200) and moved laterally as 

35 illustrated by the arrow so as to form a generally U- 
shaped cut. Thereafter, the hot knife tool 216 is moved 
in a reverse sequence so that only the U-shaped cut is 
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formed in the inner surface 212 when the hot knife tool 
216 is removed from within the wall section 200. As seen 
in Figure 22b, a second generally U-shaped cut is formed 
in the wall section 200 in the same manner previously 
5 described, with the second cut being a mirror image of 
the first cut. As will be recognized, the first and 
second cuts, in combination, define .the knock-out 214. 
Though not shown, the wall section 200 may be provided 
with lower and center knock-outs in a like manner. 

10 ROOF AND CEILING STRUCTURES 

Referring now to. Figures 1 and 19, the building 
system of the present invention further comprises a roof 
structure 96 and a ceiling structure 97 which are 
identically configured and formed in substantially the 

15 same manner as the floor structure 12. In the preferred 
embodiment, the roof and ceiling structures 96, 97 
comprises a plurality of roof/ceiling trusses 98 which 
are attached to the header beam 44 of the wall structure 
36 and extend in spaced, parallel relation. The header 

20 beam 44 is preferably pre-drilled to facilitate the 
proper alignment and positioning of the roof/ceiling 
trusses 98. Each of the roof /ceiling trusses 98 is 
configured identically to the floor joists 14 and 
assembled in the same manner as previously described in 

25 relation to the floor joists 14. 

Disposed between each pair of adjacent roof/ceiling 
trusses 98 is a pre-f abricated roof/ceiling section 100 
which, like the floor sections 28, is preferably 
fabricated from polystyrene foam. The roof /ceiling 

30 sections 100 are configured identically to the floor 
sections 28, and are each rigidly maintained between an 
adjacent pair of roof/ceiling trusses 98 in the same 
manner each floor section 28 is captured between an 
adjacent pair of floor joists 14. As such, when a 

35 roof/ceiling section 100 is captured between a pair of 
roof /ceiling trusses 98, the upper plane of the 
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roof /ceiling section 100 is flush with the top surfaces 
of the insert members 24a of the roof /ceiling trusses 98. 

In the preferred embodiment, the roof and ceiling 
structures 96, 97 are constructed in the same manner by 
5 which the floor structure 12 is constructed. Initially, 
a first roof /ceiling truss 98 is attached to the upper 
header beam 45, with a first longitudinally extending 
edge portion of a roof/ceiling section 100 being abutted 
against and adhesively secured to a truss member 20a and 

10 insert member 24a of the first roof /ceiling truss 98. A 
second roof/ceiling truss 98 is then oriented such that 
a truss member 20a and insert member 24a thereof are 
abutted against and adhesively secured to a second 
longitudinally extending edge portion of the first 

15 roof /ceiling section 100, thus capturing the first 
roof /ceiling section 100 between the first and second 
roof /ceiling trusses 98. Importantly, when the first 
roof /ceiling section 100 is captured between the first 
and second roof /ceiling trusses 98, the first and second 

20 longitudinally extending edge portions of the 
roof /ceiling section 100 are substantially flush with the 
first and second roof/ceiling trusses 98 with -no 
substantial gaps existing therebetween. Subsequent 
roof /ceiling sections 100 and roof /ceiling trusses 98 are 

25 added to the roof or ceiling structure 96, 97 in the 
aforementioned manner. In the roof structure 96, after 
the roof trusses 98 and roof sections 100 have been 
assembled, a layer of sheathing 102 is secured to the 
roof trusses 98, and in particular the top surfaces of 

30 the upper cords 16a thereof. A layer of roofing material 
is then applied to the layer of sheathing 102. 

When the sheathing 102 is applied to the upper cords 
16a of the roof trusses 98, longitudinally and laterally 
extending spaces 104 are defined between the sheathing 

35 102 and the top surfaces of the roof sections 100 and 
insert members 24a. The spaces 104 form air pathways 
for ventilating and cooling the roof surface when eave 
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and ridge vents are installed. Advantageously, flat, 
shed and gabled roofs are easily designed utilizing the 
roof structure 96 of the present invention. As can be 
appreciated, ventilation of the roof structure 96 
5 facilitated by the creation of the air pathways carries 
off heat and prevents heat buildup on the roof surface, 
thus extending the life of the layer of roofing. 
Additionally, fresh air introduction and circulation 
within the roof structure 96 is provided by a natural 

10 chimney effect without electric fans and without 
comprising the insulation. Similarly, when a layer of 
ceiling material is applied to the lower cords 16b of the 
ceiling . trusses 98, longitudinally and laterally 
extending spaces are defined between the ceiling material 

15 and the bottom surfaces of the ceiling sections 100 and 
insert members 24a. These spaces define air plenums 
which create dead air space for added insulation and may 
also serve as ducting or electrical/plumbing service 
conduits . 

20 Referring now to Figures 19-21, the roof structure 

96 constructed in accordance with the present invention 
may further include a solar water heating system 106 
incorporated thereinto. The water heating system 106 
comprises one or more pipe sections 108, each of which 

25 has a serpentine configuration and includes an inlet port 
110 and an outlet port 112 disposed at a common side. In 
the preferred embodiment, each of the pipe sections 108 
is formed having a width W which is sized to allow a pipe 
section 108 to be inserted into a longitudinally 

30 extending space 104 (i.e., between the top surface of a 
roof section 100 and the sheathing 102 and between the 
truss members 20a of an adjacent pair of roof trusses 
98). As best seen in Figure 21, each pipe section 108 is 
maintained within a respective longitudinally extending 

35 space 104 by resting the same upon hanger brackets 109 
attached to and extending between the upper cords 16a of 
an adjacent pair of roof trusses 98. In this respect, 
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the hanger brackets 109 are specifically configured so as 
to suspend the pipe section 108 equidistantly between the 
sheathing 102 and roof section 100, and equidistantly 
between the truss members 20a of the adjacent pair of 
5 roof trusses 98. The inlet and outlet ports 110, 112 of 
the one or more serpentine pipe sections 108 incorporated 
into the roof structure 96 are interconnected in series 
via a plurality of pipe segments 114. 

Due to the modular construction of the water heating 

10 system 106 facilitated by the use of the independent pipe 
sections 108, any pipe section 108 of the water heating 
system 106 which subsequently develops a leak may be 
removed and replaced simply by disconnecting the inlet 
and outlet ports 110, 112 from the pipe segments 114, 

15 thus eliminating the need to remove the entire water 
heating system 106 from within the roof structure 96, In 
this respect, the damaged pipe section 108 is simply slid 
out from within the longitudinal space 104 into which it 
is inserted, and replaced with a substitute pipe section 

20 108, the inlet and outlet ports 110, 112 of which are 
fluidly coupled to the pipe segments 114. Due to the 
serpentine configuration of the pipe sections 108 and the 
excessive heating which occurs in the spaces 104, 
particularly on summer days, the water heating system 106 

25 provides a significant elevation in the temperature of 
the water passed therethrough. As will be recognized, 
the greater the number of pipe sections 108 incorporated 
into the water heating system 106, the greater the 
resultant rise in the temperature of the water passed 

30 through th,e water heating system 106. To facilitate 
optimal heat transfer from the spaces 104 into the 
flowing water, the .pipe sections 108 as well as the pipe 
segments 114 are preferably fabricated from copper or 
PVC. The solar water heating system 106 presents an 

35 advantage over prior art solar water heating systems 
which are typically placed directly upon the roofing 
since the same is completely concealed from the elements 
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(and thus less susceptible to UV damage) and does not 
harm the roofing in any manner. Additionally, by placing 
the pipe sections 108 within the spaces 104, solar 
heating efficiency is increased due .to the heating 
5 achieved via the chimney effect. 

Due to the manner in which the floor structure 12, 
wall structure 36 and roof and ceiling structures 96, 97 
of the present invention are pre-f abricated, all wall, 
flooring, roof and ceiling portions of the residential 

10 structure 10 may be assembled utilizing only screw 
fasteners and a drill. Advantageously, the floor, wall, 
roof and ceiling structures of the present invention are 
formed of selected materials capable of maintaining 
tolerances (i.e., precision location for ease of 

15 assembly). Due to the dimensional stability associated 
with the track 40, posts 42, and header beam 44, as well 
as the interlocking overlay of the wall sections 46, the 
residential structure 10 may be constructed with 
unskilled labor in a minimal amount of time and with a 

20 minimal amount of difficulty. In this respect, in 
fabricating the wall structure 36, one post 42 may be 
first plumbed with all other posts 42 being subsequently 
automatically plumbed due to the dimensional stability 
associated with the flanges 52 of the track 40. Further, 

25 the manner of forming the floor, wall, roof and ceiling 
structures of the present invention promotes increased 
resistance to shear and enhanced seismic stability due to 
the formation of monolithic structures which take 
advantage of the compressive strength of the foam 

30 components thereof. The seismic stability of the wall 
structure 36 is further enhanced by the inclusion of the 
brace members 74, 74a, 74b therewithin. 

Additional modifications and improvements of the 
present invention may also be apparent to those skilled 

35 in the art. Thus, the particular combination of parts 
described and illustrated herein is intended to represent 
only one embodiment of the invention, and is not intended 
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to serve as limitations of alternative devices within the 
spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. An improved building system including a 
dimensionally stable, monolithic wall structure, said 
wall structure comprising: 

5 a wall frame comprising: 

an elongate track extended along and attached 
to a horizontal foundation means;. 

a plurality of elongate, vertical posts of 
predetermined lengths having top and bottom ends, 
10 said bottom ends being attached to said track at 

predetermined locations along the length thereof; 
and 

at least one elongate, horizontal header beam 
attached to the top ends of said posts; 
15 a plurality of pre-f abricated wall sections, each of 

said wall sections being disposed between a pair of 
adjacent posts of the wall frame and including first and 
second vertical edge portions which abut the posts of the 
post pair; and 

20 at least two pairs of elongate brace members 

attached to said wall frame in opposed relation, said 
brace members of each pair extending diagonally between 
said track and said header beam and through at least two 
adjacent wall sections in a generally X-shaped 

25 configuration; 

wherein the abutment of said first and second 
vertical edge portions against the posts of the post pair 
and the attachment of the brace members to the wall frame 
produces a synergistic effect by utilizing the 

30 compressive, tensile and sheer force properties of said 
wall frame and said wall sections, thus forming a 
monolithic wall structure. 

2. The building system of Claim 1 wherein said 
brace members of each pair are extended diagonally 

35 between first and third vertical posts which are 
separated by a central vertical post, said brace members 
of each pair having upper ends rigidly attached to said 
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header beam adjacent the top ends of said first and third 
vertical posts, lower ends rigidly attached to said first 
and third vertical posts adjacent the bottom ends 
thereof, and overlapped middle portions rigidly attached 
5 to said central vertical post. 

3. The building system of Claim 1 wherein said 
brace members of each pair are extended diagonally 
between first and third vertical posts which are 
separated by a central vertical post, each of said brace 

10 members comprising: 

an upper brace segment defining first and second 
ends; and 

a lower brace segment defining first and second 
ends; the first ends of said upper brace segments of 

15 each pair of brace members being rigidly attached to said 
header beam adjacent the top ends of said first and third 
vertical posts, the first ends of said lower brace 
segments of each pair of brace members being rigidly 
attached to said first and third vertical posts adjacent 

20 the bottom ends thereof, and the second ends of said 
upper and lower brace segments of each pair of brace 
members being pivotally connected to said central 
vertical post. 

4. The building system of Claim 1 wherein each of 
25 said wall sections includes a plurality of diagonally 

extending channel segments formed therein, said channel 
segments being oriented so as to define elongate channels 
which extend through adjacent wall sections for slidably 
receiving said brace members of each pair. 
30 5. The building system of Claim 4 wherein each of 

said wall sections comprises: 

a first layer defining an outer surface and an inner 
surface having a plurality of diagonally extending slots 
formed therein; 

3 5 a second layer defining an outer surface and an 

inner surface having a plurality of diagonally extending 
slots formed therein; and 
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a middle layer disposed between said first and 
second layers and defining opposed side surfaces, the 
inner surfaces of said first and second layers being 
adhesively secured to respective ones of the side 
5 surfaces of said middle layer, and said channel segments 
being defined between said slots and said side surfaces. 

6. The building system of Claim 5 wherein the 
first and middle layers of each of said wall sections 
include at least one electrical component knock-out 

10 formed therein, 

7. The building system of Claim 5 wherein the 
first and second layers of each of said wall sections 
include at least one center knock-out formed therein for 
accessing portions of the brace members of each pair. 

15 8. The building system of Claim 5 wherein: 

said middle layer defines a vertical tongue 

extending along the first vertical edge portion of the 

wall section; and 

said first, second and middle layers define a 
20 generally U-shaped vertical slot having an interior 

surface and extending along the second vertical edge 

portion of the wall section; 

each of the wall sections being disposed between a 

pair of adjacent posts such that the vertical tongue 
25 abuts one of the posts of the post pair and the vertical 

slot receives and encapsulates the other post of the post 

pair and the vertical tongue of an adjoining wall 

section, with the post received into the vertical slot 

being abutted against the interior surface thereof. 
30 9. The building system of Claim 8 wherein said 

first, second and middle layers are each fabricated from 

polystyrene foam. 

10. The building system of Claim 8 wherein said 

track has a generally U-shaped configuration defining a 
35 bottom wall which is extended along and attached to said 

foundation means and opposing side walls extending 

upwardly from said bottom wall, and the first, second and 
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middle layers further define a pair of parallel grooves 
extending along a lower edge portion of said wall section . 
for receiving the opposing side walls of said track. 

11. The building system of Claim 10 wherein said 
5 first, second and middle layers further define a 

horizontal slot extending along a horizontal edge portion 
of the wall section for receiving at least a portion of 
said header beam. 

12. The building system of Claim 1 wherein said 
10 track is fabricated from sheet metal. 

13. The building system of Claim 1 wherein said 
vertical posts and said at least one header beam are 
fabricated from tubular steel and said brace members are 
fabricated from steel. 

15 14. The building system of Claim 1 further 

comprising: 

a plurality of elongate floor joists attached to 
said foundation means and extending in parallel relation; 
and 

20 a plurality of pre-f abricated floor sections, each 

of said floor sections being disposed between a pair of 
adjacent joists and including first and second horizontal 
edge portions which abut the joists of the joist pair; 

wherein the abutment of said first and second 

25 horizontal edge portions against the joists of the joist 
pair produces a synergistic effect by utilizing the 
compressive, tensile and shear force properties of said 
joists and said floor sections, thus forming a monolithic 
floor structure. 

30 15. The building system of Claim 14 wherein each of 

said floor joists comprises: 

an elongate upper cord defining opposed longitudinal 
edges; 

an elongate lower cord defining opposed longitudinal 
35 edges; 

a pair of truss members rigidly attached to and 
extending between corresponding ones of the longitudinal 
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edges in a manner orienting said upper and lower cords in 
spaced, parallel relation; and 

an insert member disposed between said upper and 
lower cords and said truss members. 
5 16. The building system of Claim 15 wherein each of 

said truss members includes a multiplicity of elongate, 
arcuately contoured extensions formed therein which are 
adapted to engage the insert member and prevent any 
movement thereof between the upper and lower cords and 
10 the truss members. 

17. The building system of Claim 15 wherein said 
upper and lower cords are fabricated from wood, said 
truss members are fabricated from steel and said floor 
sections and said insert member are fabricated from 

15 polystyrene foam. 

18. The building system of Claim 1 further 
comprising: 

a plurality of roof trusses attached to said header 
beam and extending in parallel relation; and 

20 a plurality of pre-f abricated roof sections, each of 

said roof sections being disposed between a pair of 
adjacent roof "trusses and including first and second 
longitudinally extending edge portions which abut the 
trusses of the truss pair; 

25 wherein the abutment of said first and second 

longitudinally extending edge portions against the 
trusses of the truss pair produces a synergistic effect 
by utilizing the compressive, tensile and shear force 
properties of said trusses and said roof sections, thus 

30 forming a monolithic roof structure. 

19. The building system of Claim 18 wherein each of 
said roof trusses comprises: 

an elongate upper cord defining opposed longitudinal 
edges; 

35 an elongate lower cord defining opposed longitudinal 

edges; 



WO 96/35023 



PCT/US95/05815 



a pair of truss members rigidly attached to and 
extending between corresponding ones of the longitudinal 
edges in a manner orienting said upper and lower cords in 
spaced, parallel relation; and 
5 an insert member disposed between said upper and 

lower cords and said truss members. 

20. The building system of Claim 19 wherein each of 
said truss members includes a multiplicity of elongate, 
,arcuately contoured extensions formed therein which are 

10 adapted to engage the insert member and prevent any 
movement thereof between the upper and lower cords and 
the truss members. 

21. The building system of Claim 19 wherein said 
upper and lower cords are fabricated from wood, said 

15 truss members are fabricated from steel, and said ceiling 
sections and said insert member are fabricated from 
polystyrene foam. 

22. The building system of Claim 1 wherein said 
wall structure includes a multiplicity of brace member 

20 pairs attached to said wall frame in spaced relation. 

23. A method of forming a monolithic wall structure 
from a wall frame, interlocking foam wall sections, and 
at least one pair of brace members, wherein a synergistic 
effect is achieved utilizing the compressive, tensile and 

25 shear force properties of the wall frame and wall 
sections, comprising the steps of: 

(a.) attaching an elongate track to a horizontal 
foundation means; 

(b. ) attaching the bottom end of a first post to the 
30 foundation at a predetermined location along the track 
via a first pre-f abricated registration means; 

(c.) disposing a first pre-f abricated wall section 
upon said track in a manner wherein a vertical slot 
formed within a first vertical edge portion of the first 
35 wall section encapsulates said first post, with said 
first post being abutted against an interior surface of 
said vertical slot; 
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(d. ) securing the bottom end of a second post to the 

foundation at a predetermined location along the track 

via said first registration means in a manner wherein 

said second post is abutted against a. vertical tongue 
5 formed along a second vertical edge portion of said first 

wall section; 

(e. ) disposing a second wall section upon said track 

in a manner wherein a vertical slot formed within a first 

vertical edge portion of the second wall section receives 
10 and encapsulates the second post and the vertical tongue 

of the first wall section, with the second post being 

abutted against an interior surface of the vertical slot 

formed within the second wall section; 

(f . ) securing the bottom end of a third post to the 
15 foundation at a predetermined location along the track 

via said first registration means in a manner wherein 

said third post is abutted against a vertical tongue 

formed along a second vertical edge portion of said 

second wall section; 
20 (g. ) securing at least one elongate, horizontal 

header beam to the top ends of the posts via a second 

pre-f abricated registration means; 

(h. ) extending two pairs of elongate brace members 

through complimentary pairs of channels disposed within 
25 said first and second wall sections in opposed relation 

and extending between said header beam and said track in 

a generally X-shaped configuration; and 

(i.) attaching said brace members of each pair to 

said wall frame. 
30 24. The method of Claim 23 wherein step (i.) 

further comprises the steps of: 

attaching the upper ends of said brace members of 

each pair to said header beam adjacent the top ends of 

said first and third posts; 
35 attaching the lower ends of said brace members of 

each pair to said first and third posts adjacent the 

bottom ends thereof; and 
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attaching the overlapped middle portions of said 
brace members of each pair to said second post. 

25. The building system of Claim 23 wherein each of 
said brace members comprises an upper brace segment 

5 defining first and second ends and a lower brace segment 
defining first and second ends, and the step (i.) further 
comprises the steps of: 

attaching the first ends of said upper brace 
segments of each pair of brace members to said header 
0 beam adjacent the top ends of said first and third posts; 

attaching the first ends of said lower brace 
segments of each pair of brace members to said first and 
third posts adjacent the bottom ends thereof; and 

pivotally connecting the second ends of said upper 
5 and lower brace segments to said second post. 

26. The method of Claim 23 wherein the first post 
is plumbed with the second and third posts being 
subsequently plumbed due to the dimensional stability of 
the first and second registration means. 

20 * 27. The method of Claim 23 wherein said wall 

structure is adapted to be assembled utilizing solely 
self -tapping screws and a drill motor. 

28. The method of Claim 23 further comprising the 
step of placing a plumbing manifold and electrical system 

25 into said wall sections without cutting through said 
posts, said header beam and said brace members. 

29. The method of Claim 23 further comprising the 
step of forming a monolithic floor structure utilizing a 
floor frame and pre-f abricated foam floor sections 

30 wherein a synergistic effect is achieved utilizing the 
compressive, tensile and sheer force properties of the 
floor frame and floor sections. 

30. The method of Claim 29 wherein the formation of 
the floor structure comprises the steps of: 

35 (a.) attaching a first floor joist to said 

foundation means; 
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(b.) adhesively securing a first horizontal edge 
portion of a first pre-f abricated floor section to the 
first joist; and 

(c.) attaching a second floor joist to the 
5 foundation means and adhesively securing the second floor 
joist to a second horizontal edge portion of the first 
floor section. 

31. The method of Claim, 30 wherein step (a.) 
further comprises the step of forming each of the floor 

10 joists by: 

attaching a pair of truss members to corresponding 
ones of the longitudinal edges of upper and lower beams 
such that the upper and lower beams extend in spaced, 
parallel relation and are separated by said truss member; 

15 and 

placing an insert member between said upper and 
lower beams and said truss members. 

32. The method of Claim 23 further comprising the 
step of forming a monolithic roof structure utilizing a 

20 roof frame and pre-f abricated foam roof panels wherein a 
synergistic effect is achieved utilizing the compressive, 
tensile and shear force properties of the roof frame and 
roof panels. 

33. The method of Claim 32 wherein the formation of 
25 the roof structure comprises the steps of: 

(a.) attaching a first roof truss to said header 

beam; 

(b.) adhesively securing a first longitudinally 
extending edge portion of a first pre-f abricated roof 
30 section to the first roof truss; and 

(c.) attaching a second roof truss to the header 
beam and adhesively securing the second roof truss to a 
second longitudinally extending edge portion of the first 
roof section. 

35 34. The method of Claim 33 wherein step (a.) 

further comprises the step of forming each of the roof 
trusses by: 
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attaching a pair of truss members to corresponding 
ones of the longitudinal edges of upper and lower cords 
such that the upper and lower cords extend in spaced, 
parallel relation and are separated by said truss member; 
5 and 

placing an insert member between said upper and 
lower cords and said truss members. 

35- The method of Claim 30 further comprising the 
step of attaching a layer of plywood to the floor joists. 
10 36. The method of Claim 23 further comprising the 

steps of: 

(j.) extending a sill member horizontally between a 
pair of posts and attaching the sill member to each post 
of the post pair; and 

15 (k. ) extending a jam member horizontally between the 

pair of posts in an orientation above said sill member 
and attaching the jam member to the posts; 

said adjacent posts, said sill member and said jam 
member forming a window in said wall frame. 

20 37. The method of Claim 38 further comprising the 

step of cutting selected ones of said wall sections in a 
manner wherein said wall sections do not obstruct the 
window formed by said adjacent posts, said sill member 
and said jam member. 

25 38. The method of Claim 33 further comprising the 

step of attaching a layer of sheathing to the roof 
trusses. 

39. The building system of Claim 5 wherein the 
first and second layers of each of said wall sections 

30 include at least one lower knock-out formed therein for 
accessing portions of the brace members of each pair. 

40. The building system of Claim 15 wherein the 
first and second horizontal edge portions of each of said 
floor sections is secured to a truss member and insert 

35 member of each floor joist of an adjacent pair of floor 
joists via the use of an adhesive material, said adhesive 
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material creating a radon gas seal in the floor 
structure . 

41. The building system of Claim 18 further 
comprising at least one serpentine pipe section disposed 
5 between a pair of adjacent roof trusses, said pipe 
section defining inlet and outlet ports which are 
interconnected by a main water pipe and being utilized to 
heat water flowing therethrough due to the heat transfer 
facilitated by the air current between the roof trusses, 
10 42. The method of Claim 38 further comprising the 

steps of: 

(d. ) placing a serpentine pipe section upon said 
first roof section beneath said layer of sheathing and 
between said first and second roof trusses; 
15 (e. ) attaching a main water pipe to inlet and outlet 

ports of the pipe section; and 

(f.) circulating water through said main water pipe 
and said pipe section. 

43. The building system of Claim 4 wherein each of 
20 said wall sections defines a vertical tongue extending 

along the first vertical edge portion of the wall section 
and a generally U-shaped vertical slot having interior 
surface and extending along the second vertical edge 
portion of the wall section, each of the wall sections 

25 being disposed between a pair of adjacent posts such that 
the vertical tongue abuts one of the posts of the post 
pair and the vertical slot receives and encapsulates the 
other post of the post pair and the vertical tongue of an 
adjoining wall section, with the post received into the 

30 vertical slot being abutted against the interior surface 
thereof . 

44. The building system of Claim 43 wherein said 
wall section is fabricated from polystyrene foam. 

45. The building system of Claim 43 wherein each of 
35 said wall sections includes at least one electrical 

component knock-out formed therein. 
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46. The building system of Claim 41 further 
comprising a plurality of serpentine pipe sections 
disposed between respective pairs of adjacent roof 
trusses, each of said pipe sections comprising a 
replaceable module of a solar water heating system. 
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